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unk Mirzoua vz, the faire of Criticks, wha, aufen he aurote. 


againſt Mr. Dryden's il, did him Juſtice in rinting at t 
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TO THE 


HE reaſon for offering you this fragment, 
or ſcrap, or what you pleaſe to call it; is 
| becauſe I have not leiſure to digeſt the 

whole,- or half, or indeed the quarter part of what 

I have to ſay on the ſcience of Aſtronomy, into a 


method fit to be laid before you, moſt of my mi- 
nutes being either loſt or miſlaid. But if you 

| ſhould chance to like this, I can furniſh you with 
more, if not, I ſhall be fav'd the trouble of reviſing 


the part which is wanting. 


Making my appearance from the preſs, is not 


b the method I ſhould have choſe, could I have had 
the advice or aſſiſtance which I apply'd for, to have 
introduced what I have to ſay, otherwiſe. But the 


matters I am to treat of being underſtood by fo 


very few, and the doctrine and authors I oppoſe, 


of ſo very great and eſtabliſhed reputations, I 


do not much wonder no one cares to be concerned 
with me. Yet one would think it muſt excite peo- 


ples curioſity to hear what a perſon ſo little con- 


verſant in literature as I am, can have to ſay on a 


{ſcience which has engag'd the attention, and been 


the ſtudy of the greateſt and moſt learned men, 3: 
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almoſt al nations . ages ot: the Fs and yet 
diſſent from them all. TE; 


Ihe arguments I have reply*d to on the ſubjeet 
of light, and the tides, are almoſt all of them ta- 
ken from Barrow's Dictionary, ſo that I oppoſe 
other mens opinions of Sir Lace Newton, rather 
than himſelf: I have never“ read any of that il- 

luſtrious author's writings, otherwiſe than in ex- 
tracts by other people. 


If I remember right, inſtead of ſeven days and 
aà half, there are eight days and three quarters leſs 
between the equinoxes in winter than in ſummer; 
but as my minutes relating to them, I believe, 
were burned, I cannot be certain ; but my deſign 
is to make the equinoxes a chapter by themſelves, 
which, perhaps, will be the next thing I ſhall offer 
to you; wherein I ſhall ſhew the reaſon why there 
are eight days and three quarters leſs between them 
in winter than in ſummer, and the cauſe of the 

preceſſion, neither of which are known in the pre- 
ſent aſtronomy ; with ſome other remarks relating 
thereto, very neceſſary to be known. 


It would be difficult, perhaps, impoſGble, for me 
to pretend to anticipate all the objections that may 
be raiſed, when I aſſert that light is nothing more 
than a reflection from all opake bodies, or to uſe 
all the arguments that may be urged in its favour ; 
| have therefore only ſelected a few on both ſides of 
the queſtion. If I have placed any part of the 
preſent theory in a diſadvantageous light, or ad- 
vanced any thing that is fallacious on my own 
0 panes: the advocates for Sir Laac Newton, (if any 
_ ſhould 


 * Surlyboots.) Phhaw 1 I thought he was ſome fuch fellow ; 
cenſure an author he never read! I ſuppoſe next he will find 
kault with paintings he never ag. and muſic he never heard. 
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mould not think his time ill ſpent in doing it) will 
have a fair opportunity of bringing me to an ac- 
count. And all that I deſire of them, is, that 
they would do as I have done, i. e. publiſh what 
they have to ſay, and put their names to the per- 
formance. e 0 


Since my ſaying I would ſhew the reaſon why 
there are eight days and three quarters leſs between 
the equinoxes in winter than in ſummer, and the 
cauſe of the preceſſion, I have ſeen in the Review 
for Ofbober, remarks on a treatiſe wherein the 
Reviewers ſeem to be quite deciſive; and intimate 
that the author has ſaid all that is neceſſary for the 
inveſtigating the cauſe of the preceſſion, and the 
nutation of the earth's axis; which al/, in my o- 

pinion, amounts to ao more than one error founded 
on another, neither of which, were they truths, 
has the leaſt relation, or can any way be concern- 
ed in the matter. For I will venture to ſay I am 
certain, was the earth as flat as a grindſtone, its 
figure could be no ways concerned in being. the 
cauſe of the preceſſion, and whether it is a ſpheroid 
or not, I believe nobody knows. As I am unac- 
quainted with the manner by which theſe gentle- 
men aſcertain the length of a degree, I will preſent 
you with what I think the moſt accurate method 
of doing it, and leave you to judge for yourſelf. 
And that is from a ſolar eclipſe, becauſe then we 
have day-light ; and ſuppoſing at ſuch a time two 
aſtronomers ſhould be plac'd to take the immerſion 
at fixty miles, or near it, diftant from each other, 
both of them exactly under the parallel of the e- 
quator, even then, if their clocks, watches, Sc. 


 _ ſhould be falſe, or differ but one ſecond of time 


from each other, the error in diſtance would be a 
quarter of a mile, which in the girt of the globe 
would be ninety miles, and would ſhorten or 
CEE | lengthen 


_— 
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4 To the READER. 


lengthen its diameter thirty miles, which is nearly 


equal to the matter in diſpute ; for the difference 


of the diameters is ſaid to be but thirty-four miles. 
Or was it to be granted that their clocks, watches, 
&c. did miraculouſly agree and keep time toge- 
ther, the time of a ſecond is hardly diſtinguiſh- 
able on their dial plates; beſides, were two aſtro- 
nomers to ſtand at each other's ſide to take an im- 


merſion, I don't imagine they would agree to the 


time of its taking place ſo near as to one, two, or 


three ſeconds. This is without mentioning the 


difficulties which would ariſe in meaſuring the 


ground after the obſervation was taken; which a- 


lone would be ſufficient to make me doubtful of 
their meaſures. 


Whether there is any better method for aſcer- 
taining the length of a degree under the equator, 


or not, is unknown to me, but i believe there is 


not; therefore I think it needleſs to trouble you 
with any thing concerning the meaſures for the 
length of a degree under any meridian, for 
the polar diameter ; becauſe, granting them to 
be quite accurate, yet, for the determination of 


the difference, they muſt be the ſame under the 


equator, 


The cauſe of the preceſſion, and other particu- 


lars relating to the equinoxes, are in reality inte- 


reſting ſubjects; the want of knowing them has 
been the cauſe of the laſt regulation of time being 
very badly done, and has made a bad cauſe worſe 


than it was before; but the error is in ſome mea- 


ſure compenſated, as it makes us keep company 


with our neighbours, and go all wrong together, 


Poſitiveneſs is but an ill recommendation, bur 1 
cannot be diffident in matters which are ſurrounded 


with 


To the READER ve 
with 1 many clear evidences of their truth. For 
it is Falſbood that requires theſe broken and patch'd 


up hypotheſis to ſupport it; truth is * 
clear and ſelf-evident. 


As ts the nutation of ths earth's axis, I cannot 
think the authors who mention it themſelves believe 
the earth has any ſuch motion. It looks like an 
opinion invented on purpoſe to account for the 
earth's following the angle of the ecliptic. Theſe 
gentlemen ſeem to me to think the earth's equa- 
tor at the time of either of the ſolſtices is parallel 
with the equator of the ſun, and by the nutation 
of the axis in its progreſs, it gradually inclines to 
the angle of the ecliptic, which is abſurd in- 
deed. But perhaps I am miſtaken, and do not right- 
ly underſtand them; and I aſſure you my deſign 
is not to pervert any one's meaning. But as this 
part of aſtronomy is out of my way at preſent, I 
ſhall ſay no more of it; perhaps you will think 1 

might as well have let it quite alone. 


But 1 am too conſcious of my diſregard af 3 regu- 
larity and method in this pamphlet, and therefore 
muſt ſubmit to cenſure that way. And if after all 
I ſhould be deceived, I have the ſatisfaction that 
it is the appearances in nature, and no man's opi- 
nion, that has deceived me. For the experiments 
which I refer to for light, the twilight, and re- 
fraction, are all of them to be found in nature. 
For ſuppoling the univerſe to be full of orbs, and 
the ſun in the middle of them, (if they were not 
eclipſed by each other) the hemiſpheres towards 
the ſun muſt be enlightened in the manner 

as I have ſet forth. And if light does reach be- 
yond the hemiſphere of the globes, it muſt make 
their ſhadows conical, and have an effect which 
will leave light after the body of the ſun is hid. 
5 And 


viii To the READER. 

| | And if light does expand itſelf, and weaken in pro- 

| | ortion to the expanſion, there muſt be a gradual 

[ increaſe from darkneſs to light; and if light had 

| not that gradual increaſe, the change from light 
| to darkneſs muſt be ſudden ; and if the earth is 

N round, we muſt ſee the ſun, moon, Sc. when 
they are beneath the horizon; at leaſt I think all 
and every individual of them muſt be true, 
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CRITICISM. 


of importance to ſcience, its office is, 
or ſhould be, ſtrictly to examine every 
thing which is advanced on any art or 
ſcience, point out its perfections, or blemiſhes, and 
praiſe or cenſure with candour. A Critic conſidered 


im this light is placed in the uppermoſt ſeat in the 


temple of literature, and made a monitor to all 


mankind ; he teaches (if I may be allowed the ex- 
preſſion) the anatomy of ſcience, diſſects and lays 


open all its parts, ſhews its beautys and advanta- 
ges, and learns us to ſhun its falſe appearances and 

r a . 

The capacity and qualifications for ſuch an of- 


fice, and how far any one on the preſumption of 


his own ſelf-ſufficiency has a right to make his 


judgment the criterion of right and wrong in ſuch 
matters, I ſhall leave to others to determine; but 


thus far I may venture to aſſert, that criticiſm, as 


well as other things, is perverted and abuſed; that ; | 
prejudice and ſpleen ſometimes ſupplies the place of 


judgment, and that there are Critics as well as Au- 
thors of all claſſes. 225 OS 


R ITICIS M, rightly uſed, is certainly 


'B — 


7 the 1 N 
Far if a young fellow, who is. troubled with an 
itching in his brain, ſcratches his head till he forces 


out two or three penny-worth of wit, or what he 
would have thought to be ſuch, his pamphlet no 


| ſooner appears than it ſuffers a critical perſecution. 


Old Suriyboots takes the ſcent at once, and cries out 
on it, What abominable ſtuff have we here? The 
poor preſs how vilely is it proſtituted! D—n theſe 
bookſellers they'll publiſh any thing to get money. 
What a deal of ſuch like clamour, and all on a 
matter which none but himſelf thinks worthy of | 
notice. For ſuppoſing the youth for value re- 
ecived has a mind to attempt a panegyric, is it 
more a crime in him to ſay fine things (alias lies) 


on his friend in bad verſe, than othiers on theirs in 


ood ? Mr. Pope has told us that à lie in proſe or 
verſe is the ſame, and yet whoever looks over his 
epiſtles, epitaphs, &c. (without the help of a lant- 
horn and candle at noon-day) may find lies and 


nonſenſe too. I remember ſome where to have met 
with a diſtich which ſays, 


O London ! London! bow juſt are 757 reproaches, 


Poor whores are whipt, <ohilſt rich ones ride in 
FONDA. | 


Which is very hh the caſe with poor liars, and 
1 cannot help ſaying that magiſtrates and critics 


are a very partial ſet of people. Or ſuppoſing the 
youth to have been tickled by Cupid, ſhould any 
-one be offended at a little harmleſs nonſenſe in 
praiſe of a miſtreſs. Beſides, 1 can tell Mr. Critic, 


that ſuch performances ſometimes ſerve their au- 
thors to very good purpoſes. Patrons and women 
are ſeldom angry, and very often pleaſed with 


them. The harlot Flattery has charms (when art- 


fully diſplayed) which few or none are proof a- 
W Shakeſpeare makes Decius Brutus undertake 
to 


T2 5 

to bring Ceſar to the capitol (in ſpite of augury 
and Calphurnia' s dreams, with theſe, words, or fome- 
Tg like them, 5 * 


bo 


© Tet me alone with Ceſar, T cans rf way bin. 
e ee | 

* - PII tell him be hates flatterers, f 

Being "mh of all * when Itell him Je. 


Nay, ſo intoxiciting are her wiles, that the gen- 
tleman in Quixote acknowledges he could not help 
being pleaſed with the Don's praiſes, tho? he 9 — 
they came from a madman.— Not only fo, but to 
benefactors and miſtreſſes, adulation (as it were) 
loſes its name, and is look'd on as gratitude and 
gallantry: and there are thoſe in the world who 
have lived comfortably all their days on the merits 
of performances for which (arraign'd at the tribu- 
nal of truth and juſtice) they 'd deſerved to have had 
their bones broke. 
And when ſuch authors write ſatyr their ſpleen 
| ſeldom hurts any but themſelves, nay there they 
may be ſometimes very uſeful, by ſhewing the 
erſons ſlander'd the world's opinion of them, | 
which otherwiſe they might never have known, 
and by that means giving them an opportunity of 
juſtifying themſelves, or amepding. their conduct 
for the future. 

And in politics, it is not impoſſible but (like 
Sir Martin Marall in the play) they may ſome- 
times ſtumble on a uſeful hint, tho” not capable 
of judging of its advantages, or kffowing how it 
ſhould be put in execution ; but then others might 
do it for them. 

1 would not have it thought I want to juſtify 
ſuch authors; what I contend for | is, that He are 
beneath cnticiſm, and indeed a critic muſt have 
very little knowledge of mankind who thinks to 


deter 


** 


c 4 ] 
deter them from writing by any thing be can ſay or 
do. 

And when they are quite inſipid, hich | is gene- 
rally the caſe, men of ſenſe ſhould ear the 
itch of writing as an infirmity, and pity em; 

, Pity *em, crys Surlyboots again, d—n 'em, 

* why ar'nt they brought up to ſome employment 

and made ſerviceable to their country. A. fel- 

Tow who could never learn to read nor * 
might cobble a ſhoe or patch a whole in a coat, 

but being bred in idleneſs they muſt turn au- 

thors, and be d—n'd to 'em, and plague us with 
their nonſenſe.” | 

Once more, Mr. Critic, I fay they are beneath 

your notice ; it is with me a certain ſign of cowar- 

diſe when a man ſtrikes another whom he knows 
is not able to return the blow. If you would exert 
yourſelf, and be (what you would have the world 


6: * 


think you, a Critic) there's Sir Taac Newton, he is 


a dangerous perſon if he is wrong, every body fol- 
lows him, therefore, the diſcovering errors in his 
works (tho* never ſo minute) will be doing man- 
kind a favour, and keep all right. 
Surlyboots.] © Right! who dare ſay he's wrong; ; 
© that prodigy in ſcience, ornament to literature, 
and honour to the nation and age he liv'd in?? 
Why that to be ſure is the faſhionable critical 
language; but pray when you gentlemen make 
your comments, panegyrics, &c. on him, where he 
is extoll'd beyond every thing that is human, do 
not you think your paſſing by any part which is 
not ftrift and perfectly true, may miſlead more 
People, and conſequently do more miſchief to ſci- 
ence than ever was or will be done by all the dull 
authors that ever ſet pen to paper. For if igno- 


rance is a crime in an author, think it muſt be 


rather more o in a Critic. 
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However, I would not have it thought that I 


have any diſlike to either of you, any 7 otherwiſe 


than I would not have you give judgment im- 
plicitly, thro* prejudice ; nor in matters you do 
not underſtand ; nor have merit imputed to him 
where he has not deſerv'd it: for that he was a 
very great man is indiſputable, but then he was a 
man, and a mere mortal as well as his neighbours, 


and conſequently not infallible, nor without his 


foibles. 
Surlyboots. 4.1 F alin; death what do you mean, 
perfection is no where to be found but in his 
works: ſure you know not what you ſay, or if 
you do, and have any meaning, ſpeak out. 
Why then, Sir, I can't help ſaying (becauſe I 


think fo) that he would have been a much better 


(tho* perhaps not ſo great) a philoſopher, if inſtead 
of pretending to inveſtigate the nature and proper- 
ties of light, and the cauſe of the ebbing and flow- 
ing of the ſea, he had behaved with a little more 


diffidence, and acknowledged he was not quite ma- 


ſter of thoſe ſubjects. 
Surlyboots.] Not maſter ! has he not made per” 
« fect theories of fthem both, which has the ſanc- 
„tion of all mankind in their favour, and will 
* you pretend to diſpute them? 
Why, as you ſay, it is a kind of forlorn hope ; 


but] have ventured too far to go back, 


—— — 
** . 


4 amr a7 mn on the Theory of Light, i ma 
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Dialogue between an Aſſertor and an Ob- 
jector. 


Murer, ] IGHT conſiſts of inconceivable ſmall 


particles of matter of different mag- 
nitudes, which are emitted or reflected from eve- 


ry point in the ſurface of a luminous body, in 


right lines, and in all directions, with an unparal- 


leb'd velocity, and whoſe power and intenſity de- 


creaſes as the ſquares of the diſtance increaſe. Bar- 
row's Dictionary. 

Objector.] That light is ;& emitted or reflected from 
every point in a luminous body may be true, but 


that it is material, and conſiſts of inconceiveable 7 
{mall particles of matter of different magnitudes, I 
don't rightly underſtand ; for if they are material, 
how do they loſe their ſubſtance and quality, as in 


the following caſe. Suppoſe a room was to be 


made under-ground (as large as you pleaſe) well 
ſecured every way, but at one end, and that facing 
the meridian ſun, the roof and floor of ſuch a de- 
clivity, that the ſun at that time might ſhine a- 


gainſt the fartheſt end of it, the room muſt cer- 


tainly then be full of theſe particles. Then ſuppoſe 
a door was directly to be ſhut againſt the open 
part, or three or four doors at a diſtance from each 
Other, ſo cloſe, and in ſuch a manner, that the light 


could not pervade them, in ſuch a caſe I aſk 
what becomes of theſe particles, for they cannot 
get out of the room, becauſe the greater power 
will impel the leſſer; and if they do not, how or 


which way do they loſe their ſubſtance and quali- 
ty? For I imagine the room would be totally 


dark. 
Alertor.] 


$ Light [ think may be ſaid to be emitted from the ſun, 


and reflected from all obey bodies NES by it. 
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LF: 
Aſſertor.) An anſwer to this will require ſomẽ 
little conſideration, therefore we will wave it for 
the preſent, and go on with my proofs. That light 
is a material ſubſtance, and what we call a body, 
is not to be doubted; becauſe we find it ſome- 
thing that has motion, or is propagated in time; 
ſomething that acts upon bodies, and produces 
great changes and alterations in their natures and 
forms; ſomething that bodies act upon, by re- 
flecting, inflecting, and refracting it, on their ſur- 
faces, and in their pores, and would appear to have 
all other ſenſible qualities of matter, were it not 
that the ſmallneſs of the quantity of its particles 
renders them intirely imperceptible to us. Nor 
are we to conſider light only as a body, but as 
the moſt active principle, or moſt general agent, 
in nature; and 1 is, perhaps, the true primum mobile, 
or ſpring of motion and action, in all other bodies. 
Were the particles of light to be annihilated we 
ſhould ſee no marks or footſteps of fire remaining, 
and therefore no power of motion in bodies; bur 
all things would put on the appearance of lifeleſs, 
inert matter, rigid and inflexible, as it would be 
abſolutely cold and dark. Barrow, 
Objector.] The particles of light are highly 
oblige to you. You attribute very largely to 
them. But pray, in that part where you ſay, 
Were the particles of light to be annihilated we 


© ſhould ſee no marks or footſteps of fire remain- 


ing,“ have not you (as the children ſay) put the 
cart before the horſe ? and mean, if all fire was 
annihilated, we ſhoujd ſee no marks or footſteps of 
light remaining ? for that fire produces light is very 
plain, but that * light produces fire is not quite ſo 
clear, Bur leaving thus, yo fay, that light is a 
- fubſtance 


The 3 olals ſeems to make light and fire to be one 


24s the ſame ung, rather than prove. that light | is the cauſe of 
e. 


2 1 


1 
z 
} 
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ſubſtance pecatiſe it has motion, you will pleaſe to 
x lain that part firſt. 


Aſertor.] As all the other affections of light, ſo 
that of its velocity, was unknown to the ancients, 


and moſt of the modern Philoſophers, who before 5 


the time of Mr. Romer, were of opinion, that the 
motion of light was inſtantaneous, but he and other 
philoſophers about that time, making frequent ob- 
ſervations of the eclipſes of Jupiter's moons, found 
the eclipſes did not correſpond with the calculations 
founded upon the aſtronomical tables, where the 


times are calculated for the diſtance of the centre of 


the ſun, and conſequently where the eye of the ſpec- 
tator muſt be ſuppoſed to be, in viewing the ſaid 


_ eclipſes, oecultations, . To muſtrate this— 


Barrow, . 
Objector.] Pſhaw ! that needs no iluſtration, the 


error there is undoubtedly in the aſtronomical ta- 
bles, without you think the order of Jupiter's pla- 


nets wrong, and your tables right. But what is 


all this to the motion of light; that i is what We are 


upon. 

gt Give me leave, fir: Was i it not for the 
motion of light, theſe planets would exactly cor- 
reſpond to'the times in the tables. For when the 
earth is between the ſun and Jupiter, theſe eclipfes 
happen 7 or 8 minutes fooner than they ought to 
do by the tables. And when the earth is beyond 


the fun, they happen 7 or 8 minutes later. The | 
reaſon being, that the light of the ſattelite nas 


further to go in the latter caſe than in the former, 


by the diameter of the earth's orbit. f 
Objector.] Then I find you are quite certain that L 


your tables are right, and that they would 'corre- 


of this ingenious hypotheſis, pleaſe to anſwer the 
Sallowing queſtion. Do you really think that the 
fun 
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ſpond with the eclipſes was light inſtantaneous: but 
to ſave you the trouble of any further explanation ̃⁊ 
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Fun is always edn ad Jupiter 4 his planes 
receive their light from it. | 
XZ Afertor ] Certainly the ſun gives light to che | 
hole ſyſtem, and is always exiſting. - _ 

Ob jector.] If this is true, the inſtant any one of 
the ſattellites emerge from behind Jupiter, the ligltt 
Jof the ſun muſt be on it, becauſe we are certain it 
Ss on Jupiter, and ſtars farther diſtant from the ſun 

than he is; and ſure it need require no great proof, 
Ito fay che inſtant we look at it we ſee it. And 
that diſtance is no way concerned in the matter is 

quite plain; for I may venture to be poſitive that 
the inſtant we turn our eyes to look at the ſun, 
Zmoon, or the moſt or leaſt diſtant of the ſtars, we 
"Fſee them: ſo that if you was not quite certain your 
tables were right, I ſhould ſuſpect they were not. 
But go on, if you pleaſe, let not this Interrupt 


3 Afertor.] This, tho' a ſufficient argument or 
proof of the progreſſive motion of light, was 
yet but an experiment in the groſs, and not accu- 
rate to determine or define the true rate of velo- 
locity, which properly belonged to light, the ſolu- 
tion of this noble problem was reſerved for the ce- 
lebrated Dr. Bradley, who by reiterated and certain 
experiments obſerved that the bright ſtar in the 
head of Draco appeared 39 ſeconds more northerly 
Yin September than in March, juſt the contrary way 
to what it ought to appear by the annual parallax 
of the ſtars, which muſt ariſe from the velocity of 
light bearing ſome proportion to that of the an - 
nual motion of the earth. Barrow. 

. Objetior.) What does it ſignify to us if the 
1 bright ſtar in the head of Draco, inſtead of 3 
conds is 39 degrees more northerly in il 
chan in March, It is the velocity of light (only) 
chat we are upon. 


Þ Aſeritor. 
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of Ahn elſe that can account for it! What ſort 
of argument is this? If you can't, perhaps there 
are others that can. Or if no one ever does, 


to the ſcanty limits of your underſtanding : Why q 
this is downright profaneſs, and nothing at all o 4 
the purpoſe. 3 


ing out the weight, meaſure, Sc. of light, and how 
it acts upon bodies and alters their forms (where 


cos) pleaſe to explain the magnitude of its par- oF 
ticles, and how you know there are different de. MN 
grees of it. 1 


only magnitude, but different degrees of it alſo, 18 
perhaps one of the moſt ſubtle diſcoveries in all 
the Newtonian philoſophy. The comparative 
terms of greater and leſſer, are now as cable i 
to the particles of light, as to any other bodies: 3 
this is ablolutely proved by the different refrangi- 3 
bility they are found to have in paſſing through a a 


of the priſm 1 detains the iſſuing particle, and draws 


is the ſame, it would have the ſame effect on al! 
the particles of light, if they were of an 1 4 
magnitude, becauſe they have all an equal velo- 
city; but ſince this effect is different among the 1 1 


[ 10 "TX b 
Aſferior.] I ſay as before, that the velocity of 
light muſt be the cauſe of that ſtar's being more 
northerly i in September than in March. Barrow. 
Objefor.] Muſt be! pray for what reaſon? IM 
"Gout Becauſe we can think of nothing ele 4 
that can account for it. Barrow. 3 
Objector.] Muſt be! and becauſe you can think 1 


would you circumſcribe the ways of the Almighty 


Aſertor.] When you come to underſtand theſe 7 
matters you'll think otherwiſe. 1 
Objefor.] Probably I may. And now, Sir, leav-| 4 


I hope you don't mean it changes horſes into 


Aertor.] That the particles of light have not | 


pritmatic figure of glaſs or water. For the power | 


it a little toward the ſurface z and fince this power 


Fa "we 3 


F 
e 


T aa 1 

Fuicles, ſame being detain'd and drawn aſide to 
4 greater diſtance than others, it follows, they muſt 
15 . leſs in magnitude to become more ſubject to the 
1 nfluence of the attracting ſurface, in like manner 
Ks the electric efluvia will act upon and agitate 
9 very ſmall and light bodies much ſooner than they 
can move thoſe which are larger. Barrow. | 
1 Ohjetior. The power of the priſm, you ſay, 


ere 3 etains the iſſuing particle; then I ſuppoſe theſe 
es, jinconceivable particles when they travel together, 
ty always take care to have with them one ſmaller 
hy than the reſt, for an iſſuing particle, purpoſely to 
to be detained in your priſm. But how if another 
1 9 priſm ſhould meet him before he got to yours, and 
ele 


make him a priſoner, what would you do then? 
3 MAfſertor.] There are always a ſufficient number 
of ſmall particles. as well as large ones. 

= Objettor.] How happens it then they are not all 
detain'd in your priſm ; I thought the iſſuing par- 
Zticle being ſmaller than the reſt was the cauſe of 
its being detain'd, and drawn aſide to a greater di- 
© ſtance. Nay, I think it may be inferr'd from 
vrhat you have ſaid, that all the particles of light, 
1 | if they were of an equal magnitude) muſt be de- 
tained in your priſm, and then you know, there 
could be none left for any other; but this, as you 
145 is very ſubtle, and perhaps I do not under- 
ſtand it. Thus far I know very well, that light, 
: Þ when a priſm is held up againſt the ſun, makes 
an appearance of different colours, as red, blue, 
orange, Fc. and when a miſty cloud appears a- 
gainſt the the ſun, there is a rainbow. Nay, the 


ws miſt that flies from the whirling of a mop makes a 
x” rainbow: theſe effects are ſo common they admit 
a 


Jof no diſpute ; but-to conclude from thence that 
light is made of ſuch colours (in my opinion) is 
3 calling thoſe things cauſes which are but-effects. 
43 The various and numberleſs effects produced he 
3 C2 t 
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the reflection of light, reflections of its reflec} 


tions, and its paſſing through lucid and tranſpa 
rent bodies of convex, concave, angular, and o. 


ther forms, I doubt, are too many, and ſome 1 | 


them too far removed from the ſpeculative know. 


ledge of mankind to be rationally accounted for, 
Nay, the beſt account I can find for the are 


is from Geneſis. 


Aſſertor. | At this rate you queſtion the truth of 


the Newtonian philoſophy ; nay, you abſolutely diſ- A 


ſent from it; but you muſt give me leave to tell 


you that the French panegyriſt (who underſtood! 


theſe matters very well) ſays, that if all Europe was 
on one ſide of an argument, and Sir Jaac Newton % 
on the other, the diſpute would be determined in 


his favour. 


Oe. All Europe why he kink is one 
of that all, and ſo muſt give his opinion againſt 


1 
+88 
1 F 


himſelf. 
A ertor.] 1 ſuppoſe he means all Europe except- 


ing „„ 1 


Objector.] Tl tell you how I ſuppoſe it 18, there 


are a ſort of people in Europe who will give their 5 
opinions in matters of which they are entirely i ig- 
norant; and are more tenacious and obſtinate 4 | 


(without compariſon) than thoſe who act from 
their own judgment. To endeavour to ſhew them 
their errors by argument is to no purpoſe, it rene 


impoſſible to convince people they are either 7 
right or wrong in matters they have not capacity 1 
to underſtand ; fo that they are invincible advo- 


cates to the party they eſpouſe. Theſe (who are | 
very numerous) always fide with the moſt faſhion- | 
able opinion. And if it is they (who in fact have 
no opinion at all) whom the French panegyriſt 
means by all Europe, I believe it will be as well to 


grant what he ſays, as to conteſt it with him. Yet i 
it is ſomewhat extraordinary (although they have I 


A | 


"0 


E 
no opinion) that they ſhould give that 20 i 


againſt themſelves. But ſomething too much of e, 
0-29 This I have to ſay for myſelf, that I neither 


a lieve nor disbelieve any thing I do not underſtand, 


W. and I muſt be ſo plain as to tell you that ! do not 
or. underſtand any of your arguments, at leaſt I do 


of motion, weight, meaſure, and all other ſenſible 
li. qualities of matter, that I believe it has none of 
ell them, or is indeed any thing more than a reflec- 
od tion, which I will endeavour to convince you of as 
vas follows. "EPR 
'o1 Light and heat are effects from fire, 7. e. 
in 


er candle in the center; whete the hemiſpheres next 
ty the candle would be ſo enlightened that you might 
0- IF ſee every thing on them, and if a ſmall inſect was 


1 


not underſtand that they are true. Nay, ſo far am 


I from believing that light is a ſubſtance, and has 


wherever there is fire there is light and heat. The 


heat acts upon bodies, light (which I ſhall con- : 


fine myſelf to) is imprinted on or reflected from 


all opake bodies within its reach, in proportion to 
the magnitude and intenſity of the fire; which re- 


flection is capable of giving light (though in leſs 
proportion) to other opake bodies which are not 


enlightened by the fire (in the manner the earth 


enlightens a new moon) and that body to another, 


till the light is quite exhauſted: and where there 
is nothing to reflect it, light has no exiſtence at all. 


This would be plainly ſeen if a large room was to 
be made quite dark, and a parcel of ſmall orbs 


placed in it at different diſtances, and a light or 


on one of them, it would have light to ſee every 


thing near it. In the ſame manner ſuppoſing the 


earth to be enlightened by the ſun, all the inhabi- 

tants on the enlightened hemiſphere muſt have 
light to ſee every thing around them, and the in- 
termediate ſpaces between the orbs would have 
no light at all. So that I fay light is a reflection 


trom 


{26} 


| from all opake bodies, and nothing elſe; for where 
there is nothing to reflect it, it has no exiſtence 
at all. | 
Day-light may be called a whiteneſs cauſed 
by the ſun (whole brightneſs, in clear weather, is 
the perfection or higheſt degree of white) which 
as I have ſaid is imprinted on, or reflected from, 
all opake bodies, in proportion as they are nearer 
to, or farther off, from it; i. e. the whiter any ' 
_ opake body is, the more ſuſceptible it is of light, 
and the darker, the leſs. 

For inſtance. In day-light, when the ground is 
covered with ſnow, if the ſun ſhines, the white f 
| the ſnow is ſo intenſe that our eyes will hardly 
ö bear looking at it, but when there is no ſnow the 
ground itſelf has no ſuch effect. And if, inſtead | 

of being covered with ſnow, the earth was to be 
covered with any thing dark or black, though it 
would even then receive and reflect a great deal of 
| light, yet it would be in far leſs proportion than if 
i it was covered with ſnow or white: the reaſon is, 
' black is not fo ſuſceptible of light as white is. For 
light itfelf being white, any object that is white, 

þ or neareſt to white, is more ſuſceptible of it than 
i, any one which is darker. As a body that is hot 
| is more ſuſceptible and ready to take fire, than 
| one of the ſame quality which is not ſo hot. 
| This may be alſo ſeen from the light of the | 
1 ſtars, for if there is ever ſo little light (as in a dark 
night) a white object may be diſcerned, where one 9 
8 18 darker cannot. 
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That the light or 3 which is ſeen on a full 4 
moon, is a reflection of the light of the ſun from 

the ſurface of the moon, I think is not to be doubt- 
| ed. AS it is almoſt certain, the moon is not 
1 a body of fire to emit light from it, as the ſun is. 
. Therefore, I ſay, its light or brightneſs can 8 
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ching but a reflection of the light of the ſun. And 
that that reflection or brightneſs muſt make the 


inhabitants of the moon (if there are any) to be in 


plain day- light, the very n at a full moon is 


ſufficient to evince. 
The ſame may be mid of our oth; For * 


1 | hemiſphere towards the ſun mult be enlightened in 


the ſame manner the moon is; which light, con 


XZ ſidered as above, can be nothing but a reflection 


from the ſun. 
So that tho' the ſun is the cauſe of light to our 


earth, yet it is by the reflection of its light from 
the earth's ſurface (not from the ſun itſelf) that 
we ſee every thing about us. And was it not for 
that reflection, the light of the ſun would be of no 


uſe to us, for our eyes will not bear looking at 


the fun; and without looking at it we could have 


no light from it. Nay, fo very far is the light of 
the ſun from being helptul to our ſeeing, that 


when your face is turned towards it, it hinders the 
3 fight. This any one mult be ſenſible of, that has 


held his hat to hide the ſun when he has been look- 

ing at any thing againſt it. 
The ſame may be ſaid of moon- light. For it 

1s not from the moon, but the reflection of i its light 


from the ſurface of our earth, that we ſee every 


thing around us. And the lame may be ſaid of 
the ſtars in ſtar-light. 

In reading by. candle-light, it may be obſerved 
that the light we read by is not from the candle, 


but the brightneſs of the ſurface of the paper which 


is reading. For if you take two papers with writing 


or printed letters on them, of the ſame fort and 


blackneſs, and dip one of them in oil, or any thing 
elſe to make it tranſparent, that the light of the 
candle may paſs through it, and do nothing to the 


other; and then place them in the ſame poſition, 
and at the ſame diſtance from the candle, it will 


be 


L 


be found that the letters or writing, or any thing 
elſe on the paper, which is not tranſparent, will be 
much plainer to be ſeen and read, than thoſe on ũ 
the tranſparent one. The reaſon is, the ſurface of ⁶ 


the paper which is not tranſparent reflects the 

f brightneſs from the candle more than the other 

| which lets the light, or part of it, paſs through it. 

f So that the more or leſs reflection there is, the 

h more or leſs light there is to read by, without con- 

 _ ſidering the candle any otherwiſe than as the cauſe 
8 of that reflection. 

| The enumerating proofs that light is a refletion 

would be endleſs. I ſhall therefore leave the reſt 

to every perſons own obſervation, without men- 
tioning any other. 

And now it is difficult to me to conceive why 

or to what purpoſe theſe gentlemen have given 

3 light motion, ſubſtance, weight, Sc. The alter- 

1 nates of light and darkneſs being rationally ac- 

| counted for without either of them. For I think 

it is very clear, that the light of the ſun muſt be 

always exiſting. And from the nature of a globe 

it is as clear that the hemiſpheres of the orbs next the 

fun muſt be enlightened, and thoſe from it muſt 

[Þ be dark. And their (the orbs) being in perpetual 

1 To0otations mult make an alternate ſucceſſion of light 

| and darknels, i. e. day and night, to all parts of 


_ Exiſtence. So that, I ſay, I can't ſee the leaſt ne- 
ceſſity there is for light to have any of theſe qua- 
k lities. Nay, to me, I declare they ſeem 2 re- 
1 pugnant to the nature and uſe of it. 


to the winds, and carried away from ſome parts 
of the earth, leaving them almoſt or quite dar k, 
while others had too much of it? 

If it had ſubſtance, how could it ever 8 PREY 
while any of that ſubſtance was exiſting? 
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them for ever, or while they and the ſun have 


6 | For if light had motion, would it not be ſubject 
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1 it had n would it not ſubſide and fall 


7 the earth? And in ſhort, if it had either of 


1 9 


| 4e or any other of the qualities of matter, I 
hink it muſt be ſubject to the ſame laws, and 
uated in the ſame manner, matter is. The aflertion 
, that light is material; fo that it muſt be ſubject 
7 po the laws of matter without any reſerve. 
. Nor do I think it will mend the matter to urge 
Mat the particles of light are of ſo minute and 
Y mperceptible a nature that they are too light to be 
Iffected by gravity. Becauſe the lighter any matter, 
3 Dr part or parts of matter is, or are, the more 
3 Jubject it, or they, muſt be to the winds. And 
1 otion is one of the principal qualities attributed 
40 it. | 
Perhaps, I have taken too little notice of the 
La whether light is inſtantaneous or not. My 
4 | of that matter may be known as follows, 
viz, It appears very clear to me, that the light of 
Ihe ſun is, and has been, at all times and in all 
Places (as far as it extends) ever ſince the creation, 
where there is any thing to reflect it, and where 
There is not it has no exiſtence at all. So that all 
che orbs, within its reach, may be ſaid to roll in 
light, for it has never been off from one part or 
other of them. Therefore, the whole diſpute ap- 
pears to me to be an abſurdity. For how is it 
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Wn to know whether light is inſtantaneous or 


1 Ercercltes when it has never been withdrawn, 
nd conſequently never moved either back ward or 
| [ Forward. 

4 My faying ken 8 of the ſun's light, i is 
4 ea, I would break in as little as poſſible on the 
J kent ſyſtem: though I have not the leaſt reaſon 
4 Ito think the ſun does not only give light to all the 
Verbs that are to be ſeen with our eyes or the help 
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f the beſt glaſſes, but to orbs innumerable more. 


am rather convinced it does, and am aſtoniſhed 
i to 
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to find ſuch numbers of people all S in 
ſuch a ſcanty and limited opinion, as to confine it 


to ſix or ſeven planets and their ſattelites; when, 


giving light from all points of its ſurface, and in 


all directions. But of this I deſign to ſpeak more 


largely in another place. 

Having all along conſidered light as a reflection 
on opake bodies, it may not be amiſs to mention 
how water, which is a lucid or rs nan body, 
is enlightened. 

Water is a mirror, and the light we ſee on it is 


the appearance of the clouds, and every contiguous 


object around it, reflected as from a looking-glafs. 


The ſun is as intenſely bright (or nearly ſo) in the 


water, as in the heavens; "and all dark objects are 
as black in the water as on land. This is ſpeak- 
ing in general of the ocean and large collections 


of water. But ſome waters which are tranſparent, 
and others which are fouled with ſoils of any 
kind, may be excepted. FD 


For if water was quite tranſparent as air is, the 
bottom under it would be ſeen as plain, and en- 


lightened in the ſame manner, as if no water was 


over it: but I believe there is no ſuch water at all, 
for the cleareſt ſort that is (if it has depth enough) 
I imagine will appear as a mirror. 

Water which is ſo tranſparent that the bottom 


may juſt be ſeen through it, has light partly re- 

flected from its bottom, and partly the 9 28 of 
the clouds, and objects around it reflected on it 
as from a mirror, though both but faintly. 


Water mixed with mud, ſoil, Sc. has the ap- 
pearance of the ſoil it is thickened 'with, and has 


light reflected from it almoſt the ſame as if it was 
an opake body of the fame colour with the ſoil; 

which light is fainter or ſtronger in proportion 
to the quantity of -{oil which is in it, 7. e. when 


rn 


© 


according to their own notions, it 1s capable of 


£5 


; A 
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= Where is but a ſmall quantity of ſoil the water 

 Fhhews the clouds and objects around as in a 
q 'Y 1 mirror, though but faintly ; and when it is very 

F1 L hick, the water has the colour of the ſoil it is 

1 bored with, and reflects neither clouds nor any 
thing elſe from it, as from a mirror. 

J Ships, boats, or any other ſubſtance, has light 


water as on land. 


On the Twilight 


EF ORE I come to the matter, it may not 


þ That light naturally expands and ſpreads wy, 
may be ſeen when it breaks thro” a cloud, where if jt 
begins ata point when it firſt comes out, it expangls 


; 0 ſeen by obſerving the light of the ſun when it c&mes 
Þ in at a hole in a room, where if you hold a 


you may. with a pencil mark its ex 
1 carry it to the fartheſt end of 


4 2 that where the light enters, and hold it that t 


you will find the light at 75 part conſiderably 
broader, even in a common room. From this 
I infer, that whenever light touches on the out- 
7 fide of a globe, or any thing elſe, it changes 
its direction, which I imagine is the cauſe of the 
= Twilight. 


an artificial globe, he will find that the light 


1 3 | how much it reaches farther ; from which it natu- 
rally follows, that if any ching is placed to receive 


32 


refcbked from them in the ſame manner on I THe | 


be unneceſſary to mention the expanſion of 


titſelf to a prodigious breadth And it may be alſo 


FT paper againſt the hole, or a little with ixſide of it, 


4 © light of the ſame hole may, appear on it, and 


For if any one obſeryes when the 125 1 on 


reaches . the hemiſphere of it, and declines 
away in ſuch a manner that it is difficult to know 
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4 
the ſnadow of the ſaid globe, it will be found car | 


any conſiderable diſtance) to meaſure leſs than the F 


globe which cauſes it ; and the greater the diſtance 
the ſhadow is from the globe, the leſs it will mea- 


fure, *till carried ſo far as to have no ſhadow 6 


at all, which muſt be cauſed by the aforeſaid ex- 
panſion. For if there was no ſuch expanſion, the 


light would break off exactly at the diameter or 
middle of a globe, and conſequently there could 


be none at all after the fun was beneath the hori- 
zon; but, with the aid of the expanſion, light 
(as I have ſaid) changes its direction, and is car- 
ried three or more degrees beyond the hemiſphere, 
where it otherwiſe would have broken off. So that 
the light muſt continue after the ſun is out of ſight, 
till the globe has roll'd theſe three degrees. Now 
to the inhabitants under the line at the time of the 


equinoxes, the earth turns at the rate of one de- 


gree, or thereabouts, in two minutes and a half; 


ſo that if the expanſion carries light three degrees 


beyond the hemiſphere, the Twilight will conti- 
nue there ſeven minutes and a half, or thereabouts, 


for the ſun advances or goes away but ſlowly to or 
from them, even at the time of the equinoxes, when 
it makes its ſwifteſt progreſs ; it being then ſeven 


days and a half in going three degrees, and conſe- 
quently it muſt be twilight all that time. 


But for all this, there would yet remain an in- 
convenience in the change from light to darkneſs; 
for although the expanſion carries light beyond the 


hemiſphere of a globe, yet the change from light 


to darkneſs would be ſudden and very inconve- 


nient for the inhabitants of the earth, which is ſtill 

remedied by the aforeſaid expanſion. 
be obſerved, that as light expands itſelf, it wea- 
kens in proportion to the expanſion z which 2 4 | 


For it may 


after the ſun is out of fight : but to the inhabi- © 
tants under either of the poles it is quite different; 


e 


- 
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be often ſeen when it breaks through a cloud, as 
aforeſaid; for though it is quite bright where it 
firſt breaks out, yet where it falls, or ſhould fall, 
on the earth, it ſhines but very faint, and often 
has no ſhine at all; and if a ſmall hole is. made 
in a thick piece of paper, and held for the ſun to 
ſhine through, it will be very plainly ſeen by 


placing any thing to receive its light, that the far- 
ther it is carried from the paper, the broader and 


> fainter the light will appear, till it is carried ſo 


far as to give no light at all: this may be done 
in a common room. 


If any one obſerves and conſiders the moon at 


any time between the full and change, he will 
find that the light where it parts from dark- 
7 neſs, is not with an edge, as the outſide is, 
but declines away in the ſame manner as it does 
on an artificial globe; ſo that the moon has Twi- 
light, and probably all other orbs, as well as the 
earth. I do not know whether I have expreſſed. 
myſelf ſo as to be underſtod, but I refer to the ex- 
2 periments which I think are very clear. 8 
I have made no reply to the reaſons given for 
the cauſe of the twilight in the preſent theory, be- 
ceauſe I think they hardly deſerve any. 


One of them is, that the ſcattered rays of the 
ſun is the cauſe of the twilight, to which the very 


= ene fcattered rays is a ſufficient confuta- 


. 
, 2 
1 
* I ; * 


Another is, that the twilight is encreaſed by 


1 heat, and hot countries have moſt of it; if that 

be true, the inhabitants under the line, without 
compariſon, ſhould have more chan thoſe under 
the poles. 


Another is, that che rays ſtriking on the upper 


or outer part of the atmoſphere, cauſes the twi- 


light. If that is true, when the air is thickeſt 


1 me ſhould be moſt Twink, becauſe the thicker 


the 
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the air is, the more capable it muſt be of receiving 
and reflecting light. Now it is very plain that the 
twilight is ſeen plaineſt and ſeems to continue 
longeſt in clear weather. 

Note, I have conſidered this part of the ſubject 
only at the time of the equinoxes, becauſe it is 


much eaſier to be underſtood by confining it to 
that time, than if treated more at large. But 
when the true continuance of the twilight is known 


to the inhabitants under the line and at the poles, 
tables may be made to aſcertain how long it con- 
tinues in every degree of latitude at that time; 


and then it will not be very difficult for any one 


acquainted with ſuch matters, to enlarge them for 
its continuance at all other times of the year. 
My mentioning light's being carried three de- 
grees beyond the hemiſphere of a globe, is becauſe 
{ think it cannot be much leſs, but it may be 


more, or perhaps leſs, for aught I know to the 


contrary, having neyer had an opportunity to 


make proper obſervations to determine the matter 
any otherwiſe than by gueſs. If it is two degrees, 


the inhabitants under the line will have twilight five 
minutes, or thereabouts, and thoſe under the poles 
five days. If three degrees under the line, it will 
be ſeven minutes and a half, and under the poles 


ſeven days and a half, If. four degrees, under the 


line it will be nine minutes, and under the poles 
nine days, Sc. 


Nor is the twilight the only advantage arifing 


to the heavenly bodies from the expanſion of light. 
There appears to be another very obvious one, 


Viz. was it not for the expanſion, every orb that 


15 neareſt the ſun would carry their ſhadows as 


broad as their own magnitude to the utmoſt limits 


: of the extent of the ſun's light, and would eclipſe 
all others, though at ever ſo great a diſtance from 
| them, whenever they happened to be on right 


lic $3 


1 


3 


\ 


1 4 7 
= lines between them and the ſun. But by the aid of 
the expanſion this is prevented, becauſe the expan- 
"XZ fon makes all the ſhadows of the heavenly bodies 
conical *. So that although the earth (when it is 
between the moon and the ſun) eclipſes the moon, 
yet a planet at a greater diſtance, although in the 
lame ſituation, may not be at all eclipſed by it; 
and perhaps it may not be an improbable conjecture 
do affert, that the ſpots in the ſun are orbs in ſuch 
like ſituations as we find thoſe neareſt to it are ſo 
much ſmaller than thoſe at greater diſtances from it. 


. On Refraction. 


SOME of the chief arguments in favour of re- 
JJ fraction, are as follows. If a ſtar be in the 
zenith of a ſpectator upon the earth, a ray com- 
ing from it to his eye falls perpendicular upon 
22 © the ſphencal ſurfaces of the atmoſphere, and will 
therefore proceed in a ſtraight line without being 
< refracted. And if a ſtar be in the horizon 
b of an obſerver, a ray coming from it to his eye, 
** © ſuffers the greateſt refraction, for two reaſons 
8 
o 
* 
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Firſt, the ray falls upon the ſurface of - the at- 
moſphere with the greateſt obliquity ; Secondly, 
it paſſes through the lower and denſer part of 
dhe air. Barrow. V;! 
In theſe aſſertions there ſeems to be a reſerve, 
for when a ſtar in the Zenith is mentioned, then, 
4 ray falls perpendicular upon the ſpherical ſurfaces 
„% the atmoſphere.” But a ſtar in the horizon, 
4a ray falls on the ſurface of the atmoſphere,” (not 
; ſpherical ſurfaces) becauſe to have paſſed through 
the ſpherical ſurfaces at both times alike, per- 
—_ „„ e 


In the explanation of eclipſes, the conical ſhadows ate 
ſaid to be cauſed by the ſun's being larger than the earth, 
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moon, &c, which I mall not diſpute in this place. 
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haps would not have ſuited the hypotheſis quite ſo 


well; though I declare I do not know where a ray 


can come from, if it tends to the earth, without 
paſſing directly, (not obliquely) through the ſaid 
ſpherical ſurfaces. Thus far muſt be granted, that 


the ſituation an obſerver is in when he views a ſtar 


on the horizon, a ray may be ſaid to fall obliquely 
on the earth; but ſure the earth and the atmoſ- 
phere are different things, for the ray that falls on 
the earth paſſes through the atmoſphere. In my 
opinion this affair would be clearer ſtated, if 
an obſerver was to be conſidered as looking thro 
the atmoſphere at a ſtar in the zenith, and on the 
horizon; becauſe then it will be found that the 
ſight muſt look directly (not obliquely) thro' the 
ſpherical ſurfaces in all directions, as well on the 


horizon as in the zenith; only it has a greater 
length of them to paſs thro' on the horizon than 


in the zenith. So that if the ſight looks crooked 


at one time (in my opinion) it muſt do the ſame at 


the other. And if a ray paſſing through the lower 


and denſer part of the air has any effect that makes 


our ſight look crooked, I think there muſt be dif- 


ferent degrees of it, for it is very certain that the 


atmoſphere is more denſe at ſome times, than at 
others ; but I believe no true obſervation was ever 


made, that did not make the ſun, moon, and 
ſtars, have the ſame refraction, (as it is called) 
when the atmoſphere was moſt denſe, as when it 
was moſt rare. ; 

As what I contend for hate; is dls that the Z 
ſight looks quite ſtraight through the atmoſphere, X 
at the ſun, moon and ſtars, as well on the hori- 
2on, as in the zenith, it would be foreign to my Y 


purpoſe to take any notice of the refractions in op- 


tics (where light paſſing through tranſparent bo- 
dies if their ſurfaces are not planes) either diverges 8 
or contracts itſelf ; and conſequently all objects 
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"9 Veo at through theſe bodies are magnified or 
* Kontracted becauſe, I think the ſpherical particles 
J Fan no way be concerned in the matter. 
L However, water, which may be compoſed of 
1 Pberen particles, and as I have never met 
*Fwith the reaſon why rocks, ſhoals, &c. appear 
Hevated to the ſight more when under water, than 
Wy are in reality, I will leave my ſubject a little, 
and venture my opinion on it; which is as fol- 
Jows, That the bottom of any place (looked at thro? 
body of water) is elevated to the ſight, may be 
| hos by holding a ſtraight ſtick perpendicularly 
a baſon or tub of water, where it may plainly 
be perceived, that the part of the ſtick which is 
Under the water appears ſhorter in - the water, 
an when out of it; and if the ſtick is laid 
En the brim or edge of the baſon, or tub, with a 
geclivity, letting it reach as far to the other fide 
From which it reſts on as it can, it may alſo be 
Ken that the part under water will not appear 
raight with that out of it, but changes its direc- 
ton, and ſeems as if it was bent upwards from the 
bottom; which makes it plain that the bottom 


> | _—Fppears raiſed by its being look'd at through a bo- 
t dy of water. And the reaſon why the bottom ap- 
r ars raiſed, I imagine is the weight or gravity of 
d be water: for water, large or {mall quantities, 
). | tn it not for its weight or gravity) would be 
it lobous, and in that form a ſtick, or any thing 
C Iſe in it, would appear of its proper length and 
e | 7 Traightneßs But its weight or gravity alters the 
55 2 Hlobous form, and makes it flat; fo that objects 
i- ppear ſhorter when held in it perpendicularly, 
y | 1 nd (was it free from preſſure on its ſides) they 
)- rhaps would be longer when laid horizontally. 
J- 1 Mr. Derham in his Phyſico- Theology ſays, that 
es Wſtant lands are raiſed up and carried into the air 


4 retraction. - So that his refraction, (inſtead of 
1 E ſhewing 


( 24 J 
haps would not have ſuited the hypotheſis quite ſo 
well ; though I declare I do not know where a ray 
can come from, if it tends to the earth, without 
paſſing directly, (not obliquely) through the ſaid 
ſpherical ſurfaces. Thus far muſt be granted, that 
the ſituation an obſerver is in when he views a ſtar 
on the horizon, a ray may be ſaid to fall obliquely 
on the earth; but ſure the earth and the atmoſ- 
phere are different things, for the ray that falls on 
the earth paſſes through the atmoſphere. In my 
opinion this affair would be clearer ſtated, if 
an obſerver was to be conſidered as looking thro” 
the atmoſphere at a ſtar in the zenith, and on the 
horizon; becauſe then it will be found that the 
ſight muſt look directly (not obliquely) thro' the 
ſpherical ſurfaces in all directions, as well on che 
horizon as in the zenith; only it has a greater 
length of them to pals thro? on the horizon than 
in the zenith. So that if the ſight looks crooked 
at one time (in my opinion) it muſt do the ſame at 
the other. And if a ray paſſing through the lower 
and denſer part of the air has any effect that makes 
our ſight look crooked, I think there muſt be dif- 
ferent degrees of it, for it is very certain that the 
atmoſphere is more denſe at ſome times, than at 
others; but I believe no true obſervation was ever 
made, that did not make the ſun, moon, and 
ſtars, have the ſame refraction, (as it 1s called) 
when the atmoſphere was moſt denſe, as when it 
was moſt rare. 

As what I contend for here, is only that the 
fight looks quite ſtraight through the atmoſphere, 
at the ſun, moon and ſtars, as well on the hori- 
Zon, as in the zenith, it would be foreign to my 


* purpoſe to take any notice of the refractions in op- 


tics (where light paſſing through tranſparent bo- 

dies if their ſurfaces are not planes) elther diverges 

or contracts itſelf; and Ls Lago all Took 
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Idok'd at through theſe bodies are magnified or 
contracted ; becauſe, I think the ſpherical particles 
can no way be concerned in the matter. 


However, water, which may be compoſed of 


ſpherical particles, and as I have never met 


with the reaſon why rocks, ſhoals, &c. appear 
elevated to the ſight more when under water, than 


they are in reality, I will leave my ſubject a little, 
and venture my opinion on it; which is as fol- 
lows, That the bottom of any place (looked at thro? 


a a body of water) is elevated to the ſight, may be 


known by holding a ſtraight ſtick perpendicularly 
in a baſon or tub of water, where it may plainly 
be perceived, that the part of the ſtick which is 


under the water appears ſhorter in the water, 


than when out of it; and if the ſtick is laid 


on the brim or edge of the baſon, or tub, with a 
declivity, letting it reach as far to the other ſide 


from which it reſts on as it can, it may alſo be 


ſeen that the part under water will not appear 

ſtraight with that out of it, but changes its direc- 
tion, and ſeems as if it was bent upwards from the 
bottom; which makes it plain that the bottom 


appears raiſed by its being look'd at through a bo- 


dy of water. And the reaſon why the bottom ap- 
pears raiſed, I imagine is the weight or gravity of 
the water: for water, large or ſmall quantities, 
(was it not for its weight or gravity) would be 
globous, and in that form a ſtick, or any thing 
elſe in it, would appear of its proper length and 
ſtraightneſs. But its weight or gravity alters the 


globous form, and makes it flat; fo that objects 


appear ſhorter when held in it perpendicularly, 
and (was it free from preſſure on its ſides) they 
perhaps would be longer when laid horizontally. 


Mr. Derbam in his Phyſico-Theology ſays, that 
diſtant lands are raiſed up and carried into the air 


by refraction. So that his refraction, (inſtead of 


E. ſhewing 
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ſhewing the ſun, moon and ſtars, when they are 
beneath the horizon) muſt hide them before they 
are on It. a . | 

But the queſtion is, why are the ſun, moon, 
and ſtars, ſeen when they are beneath the ho- 
rizon? Which to me is ſo very plain, that I won- 
der the leaſt difficulty ſhould ever be made about 
Ro 

Let any one only conſider the fituation an ob- 
ſeryer is in when he views the ſun, moon, Cc. 


on the horizon, and he will find that the ſight 


muſt be carrried beneath them ; indeed if the earth, 


inſtead of being round, was quite a level plane, 


then our ſight would be carried directly over that 


plane, and confequently the ſun, and all other 
objects mult be hid, as ſoon, or rather before they 
are on the horizon. But the earth is round, and 


at the diſtance our ſight is carried, (which by the 
aid of our height) may be thirty or forty miles, 
the round muſt be ſomething beneath a level; and 
ſuppoſing it to be but an hair's breadth, even that 


in ſuch a prodigious ſpace as there is between us 


and the ſun, moon, Sc. it (the ſight) muſt be 
carried beneath them ; which I think is too plain 
to need any illuſtration. LT ons 


F 


An Examen of Dr. Halley's Abſtract of the Theory | 


of the Tides. 


JN this abſtra®, the ebbing and flowing of the 


J fea is imputed to the gravity of the earth being 


weaken'd at the point where the moon is vertical ; 
becauſe, by the water's being ſwell'd at that point, 


they (by the motion of the earth) are ſaid to be car- 


ried round it, which cauſes the tides. - This (with 


an allowance for the water's being carried a little 


faſter than rhe motion of the earth by the moon's 


diurnal 
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manner aforeſaid. 


= L297]: 
diurnal motion) I take it, muſt be the author's 
meaning: And which in my opinion needs no o- 
ther confutation than there being two tides in a- 
bout 25 hours; becauſe it is very certain that the 


moon cannot be in two places at the ſame time. 
And that the gravity of the earth being weaken'd 
at one part, ſhould be the cauſe of its being 


weaken'd at another, at ſo great a diſtance, and 
ſo diametrically oppoſite to it, is what I think no 


one can believe. Nor do I conceive how the wa- 
ters can be thought to form an oval, as mention- 
ce d in the aforeſaid abſtract; or indeed how the wa- 
ters on the hemiſphere of the earth, oppoſite to that 


where the moon is vertical, can be at all affected 


by her, even was it to be admitted that her gravi- 


ty did affect the earth. | 


Nor does this agree with the currents, for tho? 
they always run one way, yet many, or moſt of 

them, (as I have been informed) have a riſe and 
fall of the waters, which correſpond as regularly 


with the moon as the tides does in the Thames and- 


Medway, without mentioning the Nile, and many 
other e which are found in the ſeas, 
Id 


which could not exiſt, if the waters were actuated 
and carried round the earth by the moon in the 


But let us enquire a little farther into this mat- 


ter; the centripetal force, attraction, and the 
weight of bodies, all appear to me to be compre- 
hended in the word gravity. The centripetal force 
is the ſame as when it is ſaid, the earth is ſur- 
rounded with ſuch a band as gravity ; attraction, 
when the planets are faid to be within the activity 
of the attraction, or gravity of each other. 
The weight of bodies, in my opinion, agrees beſt 
with the definition, which ſays, gravity is the na- 
* £ural tendency or inclination which bodies have to 
2 center, But however theſe powers may be looked 
EET | on 
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on as one and the ſame, yet to me they admit of 


very clear diſtinctions. For it is poſſible the earth 
may be kept together by ſuch a band as the cen- 
tripetal force, and yet have a quality of attraction; 


and it may attract, and yet bodies have a natu- 
ral tendency towards it by their weight; and with 


regard to the planets der auf to each other, 
they may attract each other, and they may have 
a natural tendency to each other by their weight; 


tho' to me, I declare it appears very unnatural to 
conclude any thing in favour of either of them. 
For if the ſun, earth, moon, Sc. was within the 


activity of the attraction, or had a natural tenden- 
cy towards each other by their weight, I can ſee 
nothing to hinder them from ruſhing on each o- 
ther: or firſt (if it is done by attraction) that 
which had the leaſt of it, to that which had the 
moſt, and ſo on till they were all got together. 


And leaving out the reſt of the planets, what 
abſurdity does it create in only conſidering the 


ſun, earth, and moon, as having a power of at- 


traction on each other. For if the influence of the 
ſun was ſo great as not only to raiſe fo large a body 


of wafers as the ocean on our earth, but to reach 
ſo far as to affect the moon when at the full, I 
think at the change ſhe (the moon) could not ſup- 


port herſelf in her orbit, ſhe being a far leſs pla- 


net than the earth, and much nearer the ſun at 
that time, and only ſuppoſing it capable of mov- 
ing her but the thouſandth of a thouſandth part 


of an hair's breadth, even that (by ſuch a power 


as gravity) muſt in proceſs of time bring them 


together. Nor will it mend the matter to 


conſider the gravity of the ſun and planets 


as being in proportion to their magnitudes. For 


then, if the iufluence of the moon's gravity 
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could reach the ſun, the gravity of the ſun would ö 


imagine) draw the moon to the ſun with almoſt 
| Aa 
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as much eaſe as an amber bead, when nides does 


a particle of duſt. Nay, even the earth would be 
too hard for the moon. 


And if the gravity of the earth was I much 


weakened as to raiſe the ocean; ſurely all light 


bodies, ſuch as feathers, duſt, chaff, Ge. (Sich 


will but juſt ſtay with us as it is) would not gra- 


vitate at all. Nor is it reaſonable to think the 


power which could raiſe the ſeas, would leave ponds, 
gutters, &c, undiſturbed, ſuppoſing there was a fort 
of gravity which affected the waters only, 


And now for the ſpring-tides, which being higher 
than others, requires ſomewhat more than the moon 


to weaken the gravity. And here it is the aſſiſt- 
. ance of the ſun is called; for at the time of new 
moon, which is one of the ſeaſons for ſpring-tides, 
the ſun and moon are both vertical together, and 
ſo weaken the earth's gravity more than when they 
are not. But even this is hardly probable, becauſe 
(ſuppoſing the ſun to be concerned in the matter) 


the new moon would prevent its influence, ſhe be- 


ing. at that time right between the earth and ſun; 
and more eſpecially at the time of a ſolar eclipſe. 


And at the full moon there are ſpring-tides again, 


and then the earth is between the ſun and moon, ſo 
that they muſt hinder each other by drawing two 
different ways. 
Again, the e ſpring-tides are ſaid to be | 
higher than the reſt, becauſe the earth is nearer the ſun 


at thoſe times than at others; tho', when the tides are 
not on the carpet, then the earth i is neareſt of all to 


the ſun at the time of the winter ſolſtice, and yet 
the ſpring-tides run very low at that time. How- 


ever, my opinion is, that the earth is at all times 
at the ſame diſtance from the ſun, which the fol- 


lowing argument I hope will ſufficiently evince. 
VIZ. I think it mult be very evident (ta any one 


who 
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who is acquainted with the nature of the globe) 
that when it is * midſummer here at London, it is 
midwinter in 331 31/ latitude in the ſouthern he- 
miſphere ; and when it is midwinter there, it is 
midſummer here. How then can one part be nearer 
to, or farther off from, the ſun, than the other, 
without deſtroying the uniformity which is found 
between the two hemiſpheres? 
In a theory of the tides, 1 ſhould have expected 
to have found not only the ſtate of the waters all 
over the earth, but the reaſon why there are tides, 
currents, gulphs, c. why they are confined to par- 
_ ricular parts of the earth, and to have been ſhewn 
the neceſſity there is for them. Of which, the ab- 
ſtract is wholly ſilent. Nor do think the ſtate of 
the waters are ſufficiently known for ſuch a pur- 
m=—_ . „ 
F The conſtant adherence of the tides to the moon 
3 evinces, that they are influenced by that 
planet; but the difficulty is to know by what 
power ſhe acts; for I have no notion at all of the 
gravity's being weakened : nor if it was, do I think 
it could anſwer the purpoſe of making tides ; it 
would only lift the waters up where ſhe was ver- 
tical, which would ſettle them again as ſhe went 
from them, without forcing the whole ocean round 
as , 


* This being an extenſive error, I ſhall ſay a little more 
on it in this * which ſave me the trouble of doing 
It at another time. Becauſe there are 74 days leſs between 
the equinox's in winter than in ſummer, I find it is concluded 
that the earth muſt go ſwifteſt at that time by about a n part. 
But, as I have fal before, it is winter and ſummer on the 
different hemiſpheres at the ſame time; ſo that one part can- 


e not ga faſter nor ſlower than the other, without the earth is 


_ parted in the middle. Beſides, if the earth goes faſter in the 
winter by a x part, the days muſt be an hour an half or 
more ſhorteſt at that time, reckoning from meridian to me- 
ridian, which may be brought to a fair deciſion by having 4 

24 hour-glaſs made and tried at both ſolſtices, 
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the earth: belides, I much queſtion, whether che 


ſeas are not too much thwarted by the lands for 
ſuch a proceſs to go on regular as the tides does, 


even was it to be granted that the moon had 


enough to force the whole body of waters before 
her all round the * 


It appears to me rather of the two, that the 


moon acts by a repulſive, than an attractive power; 

though it may be by a power which neithet at- 
tracts nor repels, but only ſtops the courſe of the 
waters. Nor do I think it at all impoſſible but 
that the connection between the earth and moon 


may be actuated by . of which our ſenſes 
have no idea. 


By what power the moon acts is not very clear; 
but ſhe appears to me to be a regulator of the wa- 
ters, which keeps them within bounds : and, with- 


out which, many parts of the earth, which has 
tides twice in 25 hours, would at ſometimes be 


overwhelmed by innundations, and at others have 
no waters at all come near them; of which, at 


ſome other opportunity, I deſign to ſpeak further: 
where I believe J ſhall ſhew, with ſome probabi- 


ity, the cauſe of the ebbing and flowing, and the 


reaſon why there are two tides in about 25 hours. 


But, as ſome parts of what I have to ſay, depends 


on matters not known in the preſent ſtate of aſtro- 


nomy, I ſhall wave faying any more *till I have 
introduced ſome of them on other occaſions ; and 


_ conclude the whole with declaring, that I can find 


little or nothing (in the abſtract) pertinent to the 
ſubject. Gravity is uſed, as ſome of the faculty do 
medicine, who jumble ſeveral ingredients together 
which they preſcribe as an univerſal panacea ; and 
©, by wanting to cure wey thing, they cure 


nathing? I 


nothing; for the drugs hinder the efficacy of 

oY 3 er . when uſed ſeparate, and r. 
plied in proper diſorders, they might have Had 

proper effects. 198 
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